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Abstract 
 
The objective of this study was to compare and discuss the results of two pre-designed 
safety valve cases which were dynamically simulated with in-house software (ProsDS) by 
Neste Engineering Solutions Oy (NES) and to compare them to the simulated results from 
Aspentech commercial software Aspen Hysys Dynamics (AHD) and Aspen Plus Dynamics 
(APD). 
In the literature part of this thesis, basic knowledge about pressure relief valves (PRVs), 
relief load calculations especially in the case of external fire, the basics of process simula-
tion and the specification of ProsDS, AHD and APD in terms of dynamic simulation of 
safety valve were reviewed. In the applied part, each simulation model and the compari-
son of the results are presented. It is concluded that, choosing the appropriate flow model 
plays an essential role on the dynamic simulation of the studied cases. This selection af-
fects the maximum required orifice area, the operating pressure range and the relief rate. 
In addition, different flow models were chosen in AHD and APD as was used in ProsDs. 
Therefore, it may not be appropriate to compare the results of the different models used. 
However, in case of comparison, AHD was capable of dynamically simulating the fire sce-
nario. Although, it depends on the user to define the geometry of the vessel and selecting 
the appropriate flow model based on the design specifications of the safety valve. APD was 
not capable of dynamically simulating safety valves in the mentioned cases of this study. 
However, ProsDS was capable of simulate a safety valve for a supercritical fluid or near the 
critical point through TRMKIT.   
Keywords  Dynamic simulation, Aspen Hysys, Aspen Plus, Safety valve, Relief valve, ProsDS, External fire scenario, Relief calculation, Relief rate 
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ACRONYMS, ABBREVIATIONS 
API American Petroleum Institute   
API RP API Recommended Practice   
ASME American Society of Mechanical Engineers   
AH Aspen Hysys 
AP Aspen Plus 
AHD Aspen Hysys Dynamics 
APD Aspen Plus Dynamics 
CEN Comité Européen de Normalisation (European Committee for 
Standardization)   
DIERS Design Institute for Emergency Relief 
EN Européen de Normalisation (European Standard)   
EO Equation-oriented 
HEM Homogeneous Equilibrium Model 
HDI Homogenous Direct Integration 
ISO International Standard Organization 
NFPA National Fire Protection Association 
NPS Nominal Pipe Size 
NES Neste Engineering Solutions Oy 
ODE Ordinary Differential Equations 
PSV Pressure Safety Valve 
PRV Pressure Relief Valve 
PSD Pressure Safety Device 
PDE Partial Differential Equations 
PED Pressure Equipment Directive 
SI Systeme Internationale (The International System of Units) 
SM Sequential Modular 
SAE Safety Analysis Environment 
  
 
SQP Sequential Quadratic Programming 
 
NOMENCLATURE 
A effective discharge area, mm2 
A’ exposed surface area, mm2 
Aws total wetted surface area, m
2 
Awet wetted area of the vessel, m
2 
Awet,v vessel wetted area without head, m
2 
Awet,h vessel’s head wetted area, m
2 
Awet, total total dynamic wetted area, m
2 
C empirical coefficient, SI unit  
C2,3,6,9,10 empirical constant, SI unit 
C7 empirical constant, (kg∙mole∙K)
0.5/(mm2∙kPa∙h) 
CP gas specific heat capacity at constant pressure, kJ/kg.k 
CV gas specific heat capacity at constant volume, kJ/kg.k 
d relative density referred to water,  dimensionless 
F environmental factor, dimensionless 
F’ coefficient, SI unit 
F23 flow through the valve, m
3/s 
G gas or light phase flow rate, m3/s 
g acceleration of gravity, m/s2 
gj function  
Hvap latent heat of vaporization, J/kg 
H enthalpy 
h height, m 
hi function  
k ideal gas specific heat ratio, dimensionless 
KD discharge coefficient, dimensionless 
  
 
Kv proportionally flow constant, dimensionless 
L length, m 
Mn, Mn+1   Fluid mass at steps n and n+1 
M molecular weight 
m mass flow, kg/s 
N molar flow rate, mol/s 
ni number of the moles of component i 
Lin, Lout Liquid or heavy phase flow rate, m
3/s 
p pressure, Pa 
P1 upstream relieving absolute pressure, kPa(a) 
Pn normal operating gas absolute pressure, kPa 
Q heat of absorption, W & kJ 
?̇? heat transfer rate, kJ/s 
q volume flow rate, m3/s 
qm,relief relief load, kg/h 
R radius, m 
r reaction rate, kmol/m3.s 
s number of compounds 
T1 absolute gas temperature, K 
Tw maximum wall temperature, K 
Tn normal operating gas absolute temperature, K 
t time, s 
u velocity, m/s 
V volume, m3 
Vfluid fluid volume 
x liquid or heavy phase mole fraction 
y gas or light phase mole fraction 
 
  
 
GREEK SYMBOLS 
α velocity adjustment factor, dimensionless 
αv Cubic thermal expansion coefficient, 1/˚C 
∆ℎ head of shaft work, J 
𝜌 density, kg/m3 
𝑣 stoichiometric coefficient, dimensionless 
∅ total heat transfer rate, W 
 
SUBSCRIPTS 
 
n step number 
1, 2, …, n refer to number of variable 
i number of functions 
j number of functions 
in inlet stream 
out outlet stream 
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1 INTRODUCTION 
Modelling technologies have seen recent innovations. As they help companies to 
optimize their systems and processes as well as help them to meet their cost 
objectives. Pressure relief valves (PRVs) are one of the safety devices which can be used 
based on the identified safety scenarios especially in the case when pressure safety 
valves (PSVs) are too slow. Pressure safety devices (PSDs) are used to protect 
hydrocarbon or chemical processes from overpressure conditions. Therefore, the PSDs 
ensure that each item of equipment and each pipeline operate below evaluated 
pressure and temperature conditions. 
There are unanticipated complexities involved in rigorous sizing of PRVs. These 
complexities prevent optimal design, from a safety point of view. Simulation software 
enables design engineers more precise sizing of pressure relief devices. For instance, 
through dynamic modelling of each safety scenario, more realistic estimation of actual 
peak loads can be achieved which prevent overdesign of safety devices and therefore 
reduces capital expenditure (CAPEX).  
The in-house software (ProsDS) is developed by NAPCON for process dynamic 
simulation.  Currently ProsDS is used for dynamic simulation of pressure relief valves 
(PRVs) by Neste Engineering Solutions Oy (NES). In addition, there is commercial 
software available from Aspentech products, such as Aspen Hysys Dynamics (AHD) and 
Aspen Plus Dynamics (APD), which can be used for the same purpose. Better sizing of 
the safety devices is preferred.  Therefore, it is essential to select appropriate software, 
which provides more accurate simulation of failure scenarios. The objective of this 
study is to compare and discuss the dynamic simulation results from ProsDS, AHD and 
APD for two pre-selected PRV sizing cases. 
In the literature part, the basic knowledge about the PRVs, relief load calculation 
method based on API 521  due to the thermal expansion and external fire for vessel 
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containing liquids and vessels contain vapors are presented. Secondly, the basics of 
process simulation, from mathematical modeling of processes to the solving methods 
for those models are described. In addition, selecting a suitable flow model is an 
important step in dynamically modeling safety valves. Therefore, the available fluid 
flow models within ProsDS, AHD and APD are named in the second chapter as well. 
Finally, the ProsDS, AHD and APD are described from the dynamic simulation and safety 
analysis point of view. 
In the applied part, the description of each considered PRV case and the simulation 
results are presented and discussed. At the end, the comparisons of the modeling 
results of the different simulators are described.  
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2 The BASICS OF SAFETY RELIEF DEVICES 
Designing a pressure relief system is a vital engineering activity in chemical processing 
industries to protect equipment and piping from overpressure. Katkar summarized the 
most important codes, standards and recommendation practices which provide the 
basic information about relief valve sizing and pressure relief systems design (Katkar, 
2010). The most important terms and definitions used within these documents are 
described in this chapter.  
Whereas full description of the various causes of over pressurization is beyond the 
scope of this study, details are provided by the American Petroleum Institute (API) 
standard (STD) 521 (API_521, 2014). In this chapter, an overpressure due to the 
external fire and thermal expansion are reviewed as the aim of this study is to compare 
the results of the external fire dynamic simulations. In case of external fire in the 
vessels that mostly contain vapor, the pressure increase is due to the thermal 
expansion of vapor caused by the heat transfer through vessel’s metal walls. Whereas, 
in the case of the external fire in the vessels that contain liquids, the pressure increase 
is due to liquid vaporization. Pressure may increase abruptly due to thermal expansion 
once a blocked-in pipeline or another piece of equipment containing a liquid is heated. 
Relieving pressure under these conditions is important to avoid critical failure of a 
process. Moreover, it is required that the down-stream blockage is quickly eliminated 
in the systems with continuous flow of vapor or liquid (Mukherjee, 2008). 
The PRV must be capable to work smoothly and steadily within various fluid phases. 
Therefore, the effect of diferent fluid phases are considered in this chapter. 
 
 
  
 4 
 
2.1 Background 
Safety valves were primarily used for steam applications and distillation installations at 
the end of the seventeenth century. The device was kept closed using a lever and a 
movable weight, which slid along the gear to regulate the steam pressure. As the safety 
valves worked sufficiently well, it started to become commercialized from the 
beginning of the twentieth century (Hellemans, 2009).  
With the growth of industries, sets of internationally acknowledged standards, 
recommendations and guidelines begun to be published for the protection against 
overpressure. The American Society of Mechanical Engineers (ASME) has formulated a 
design code “the ASME Boiler and Pressure Vessel” which is a law in all American states 
(Hellemans, 2009). In addition, the American Petroleum Institute (API) has published 
some internationally recognized recommendations about dimensional and physical 
characteristics of pressure-relieving devices such as API Recommended Practice 520 
(API RP 520) for sizing, selection, and installation of pressure relieving devices and API 
521 (Guide for pressure relieving and depressurizing system) (Hellemans, 2009).  
The European Community, for its part, has introduced the Pressure Equipment 
Directive (PED), which is a compulsory directive for equipment ‘put in the market.’ 
Therefore, manufacturers may stamp their product Conformité Européene (CE) to be 
able to freely trade across Europe. In addition, the European Committee for 
Standardization (CEN) released a set of standards for safety valves, EN4126 Safety 
Devices for Protection against Excessive Pressure, which has replaced any equivalent 
standard that previously existed in each country of European Union (Hellemans, 2009).   
With the globalization of the economy, many of the major manufacturers comply with 
both the U.S. and European codes, but it is important to realize that ASME and PED are 
both mandated by law, while API and European Normalization (EN) or International 
Standard Organization (ISO) are recommendations. Currently, in Europe, the term 
safety valve not only is used to describe Safety Valves but also Safety Relief-Valves 
(SRVs) and Relief Valves. Safety valve is now used as a term in European standards and 
 5 
 
ISO 4126 descriptions. Safety Valves are compromised as ‘Safety Accessories’ in the 
PED (Article 1, paragraph 2.1.3) and are classified in risk category IV, which is the 
highest risk category (Hellemans, 2009). 
2.2 Overpressure protection 
In general, a PRD is any device that protects a system from an overpressure condition. 
In particular, PRVs are self-actuated pressure relief devices used to protect pressurized 
equipment and increase their life by controlling the discharge rate of fluid at a 
predetermined pressure; this predetermined pressure range is specified through 
international codes. An SRV is usually the final control device to prevent accidents or 
explosions due to overpressure. The SRV opens to relieve the excess pressure and must 
be reclosed at a predetermined pressure when the system pressure has returned to a 
safe level. Therefore, it prevents the fluid release after the normal operating condition 
has been restored.  
Currently, highly sophisticated and precise instruments are used to control pressure 
and flow in the process industry. Those instruments are all powered by an outside 
power source (electric, pneumatic, hydraulic). SRVs are required by law to be powered 
separately only by the medium it protects and work independently from every other 
control device, in case that the control instruments fail. Therefore, when everything 
else works adequately, the SRV should not operate. 
SRVs must be designed to function smoothly and reliably in many different fluid and 
fluid phases with the material compatible with the variety of process fluids, from pure 
air and water to most toxic and corrosive media. 
The range of SRVs is wide, for example conventional pressure relief valve, Balanced-
Bellow or pilot operated relief valve. Each type of SRVs has different characteristics and 
operational accuracy. The safety assurance of a system will be achieved only if the 
proper SRV for the application is chosen. Subsequently, the user will be able to 
maximize process output and minimize downtime for maintenance purposes.  In 
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addition, the appropriate choice of SRV will prevent overlap between the control loop 
set points and SRV’s operational limits. (Hellemans, 2009). 
2.3 Terminology 
The main differences between a relief valve and a safety valve is their capacities and 
set pressures. The opening of the relief valve is proportional to the pressure increase in 
the equipment. This means when the pressure is increasing the valve is opening 
gradually. Safety valve is opening as soon as the set pressure of the valve reached 
(http://marinenotes.blogspot.com, 2018).  
According to API 520 (API_520, 2008) the following characteristics are defined for 
pressure relief device: 
Maximum Operating Pressure 
is the highest pressure expected in the system during normal operation (API_520, 
2008).  
Maximum Allowable Working Pressure (MAWP) 
is the highest gauge pressure permissible at the top of the vessel in its normal 
operating position at the assigned coincident temperature determined for that 
pressure. The pressure setting for pressure relief devices is based on MAWP which 
protects the vessel (API_520, 2008).  
Blowdown 
is the required pressure differential to reseat the safety valve after opening, see the 
Figure 2-1. 
Design Pressure 
The design pressure is determined as the maximum operating pressure plus a design 
margin which is expected for contingency of an incident and for the blowdown of the 
safety valve (API_520, 2008).  
The design pressure as well as design temperature is used to determine the minimum 
allowable wall thickness or physical characteristic of each vessel component as 
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determined by the vessel design rules. This pressure may be used in place of the 
MAWP, in all cases the calculations are not made to determine the MAWP and are used 
only to calculate the minimum thickness for each element. The design pressure is equal 
to or less than the MAWP (API_520, 2008). 
 
Figure 2-1 Relationship between pressure and lift for a typical safety valve 
(https://www.flowstarvalveshop.com/pages/safety-relief-valves, 2018) 
Set Pressure 
is the inlet gauge pressure at which the pressure relief device is set to open under 
service conditions (API_520, 2008). 
Back Pressure (BP) 
is the pressure at the outlet of a pressure device due to the pressure in the discharge 
system. It is the sum of the superimposed and built up pressure (API_520, 2008). 
Superimposed Back Pressure 
is the static pressure at the outlet of a pressure relief device at the time the device is 
required to operate. It is the result of pressure in the discharge system coming from 
other sources; it may be constant or variable (API_520, 2008). 
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Built up Back Pressure 
is the increase of the pressure at the outlet of a pressure relief device due to flow after 
the pressure relief device opens (API_520, 2008). 
Overpressure 
is the pressure increase over the set pressure of the relieving device allowed achieving 
rated flow. Overpressure is expressed in pressure units or as a percentage of the set 
pressure (API_520, 2008). 
Relieving Capacity 
is the rated relieving capacity applied as the basis for the designing of a pressure relief 
device (API_520, 2008). 
Pressure Accumulation 
is the allowable increase above the system design pressure in an emergency 
overpressure situation (API_520, 2008). 
Effective discharge area 
is a nominal or computed area used with an effective discharge coefficient to calculate 
the minimum required relieving capacity for a pressure relief valve per the preliminary 
sizing equations. API 526 (API_526, 2017) provides effective discharge areas for a range 
of sizes in terms of letter designations, “D” through “T”.  
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Table 2-1 Standard Effective Orifice Area and the letter Designations (API_526, 2017) 
 
2.4 Causes of Overpressure  
The system pressure might exceed the MAWP, design pressure or other specified 
pressure. This might happen when normal flows of material and energy are disrupted 
or unbalanced. The accumulation of material or energy or both in some part of the 
system will occur. To realize the critical reasons and magnitudes of overpressure a 
specific and complex investigation on material and energy balances in the processing 
system would be required (API_521, 2014). 
Various circumstances would require overpressure protection. To overcome this 
situation there would be some recommended guidance based on standards. Table 2-1 
Standard Effective Orifice Area and the letter Designations (API_526, 2017) indicates 
some of the critical causes of overpressure scenarios (API_521, 2014). However, in this 
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study the relief rate requirement in cases of exterior fire and thermal expansion will be 
investigated further. 
Table 2-2 Common occurrence of over pressure causes (API_521, 2014). 
NO Condition 
1 Closed outlet on vessels 
2 Entrance of highly volatile material 
3 Side stream reflux failure 
4 Overfilling storage or surge vessel 
5 Failure of automatic control 
6 Chemical reaction  
7 Exterior fire 
8 Hydraulic expansion 
9 Power failure 
10 Abnormal heat or vapour input 
 
Based on the net energy input to the system the amount of liquid or vapour relief rate 
can be determined. Overpressure can be due to one or both of the following most 
common reasons a) heat input which increases pressure through vaporization or 
thermal expansion, and b) direct pressure input from a higher pressure source 
(API_521, 2014)  
The peak individual relieving rate is the maximum rate at which the pressure shall be 
kept to protect equipment from overpressure due to any single cause. It is very rare 
that two failures happen simultaneously, therefore usually this scenario does not need 
to be considered (API_521, 2014) . 
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2.4.1 Thermal Expansion 
The internal pressure of a system will increase while a blocked in system is heated up. 
Based on the fluid properties and phase, this pressure rise can be estimated. If the fluid 
is gas or vapor, the pressure rise is proportional to the temperature rise. This pressure 
rise can be predicted by the ideal or a real gas equation of state.  
When a liquid system is heated up, as liquid is incompressible and there is no room for 
expansion or evacuation, tremendous internal hydraulic pressure can be produced 
inside a pipe or a pressure vessel. Fluid tries to expand against set boundaries, the walls 
of the system will also tend to expand, but this increment in volume will be much 
smaller than the required amount due to liquid expansion. Therefore, a thermal relief 
would be needed for this section of the pipe or pressure vessel. Precisely speaking, 
even though the subject should be referred to as ‘pressure relief due to liquid 
expansion’ but it is universally known as ‘thermal relief’ (Parry, 1992). 
There are some criteria should be considered in the beginning regarding when thermal 
relief devices should be installed (Parry, 1992): 
a) The source of heat and the rate of heat input 
b) character of the liquid  
c) Volume of the liquid system  
d) Narrowness of the closure  
e) Probability of blocking-in 
f) Other means of thermal relief or liquid escape  
In each criterion, there are other specifications must be looked at before assigning a 
thermal relief device. 
For instance, if solar radiation is the source of the heat and the system is buried, 
shielded, painted with white or metallic paint to reflect solar radiation, or efficiently 
insulated to minimize heat gain, etc., a pressure relief device (PRD) might not be 
required to protect the system from thermal expansion (Parry, 1992). 
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When the fluid properties vary significantly with the temperature, more sophisticated 
calculation methods which include the temperature-dependent properties of the fluid 
should be applied. In that case, the worst-case temperature must be considered to 
optimize the size of the relief device (API_521, 2014). 
If the total heat transfer-rate and thermal expansion coefficient for the fluid are 
known, the relief rate for full liquid systems for relief device sizing to protect against 
the thermal expansion can be estimated using equation 1 (API_521, 2014). 
 𝑞 =
𝛼𝑣  ∙ ∅
1000 ∙  𝑑 ∙  𝑐
 (1) 
 
where q is the volume flow rate at the flowing temperature, m3/s; 
αv is the cubic thermal expansion coefficient for the liquid at the expected 
temperature, 1/˚C; 
∅ is the total heat transfer rate, W; 
d is the relative density referred to water (d=1 at 15.6˚C), dimensionless; 
c is specific heat capacity of the trapped fluid, J/kg.K; 
Note that the thermal expansion coefficient applied in the calculation of volumetric 
flow rate should be valid and constant under the discharge conditions. This assumption 
should be checked around the critical pressure or in case of supercritical fluid because 
the volume changes near or above the critical point may differ from that of a subcritical 
fluid. 
The desired relieving rate for thermal relief is minimal. In most of the cases a valve with 
nominal pipe size (NPS) (NPS 3/4 × NPS 1) is enough. Particular attention should be paid 
for precise sizing of PRDs in case of long pipelines of large diameter in uninsulated, 
aboveground installations as well as large vessels or exchangers operating  full of liquid 
(API_521, 2014). The appropriate set pressure for PRDs should be specified based on 
the design pressure of all items included in the block-in system. Also, the thermal-relief 
pressure setting should never be above the maximum pressure permitted by the 
weakest part of the vessel in the system being protected. The PRD pressure should be 
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set high enough that only under hydraulic expansion it opens. If a thermal relief valve 
discharges into a closed system, the effect of back pressure should be noticed 
(API_521, 2014). 
If there is no flashing (or less than 1%) across the relief valve and the system volume is 
moderate (less than 100 m3), a PRD with an orifice size below the API orifice class D 
(0.11 in2) is recommended. However, for some systems the discharge rate through the 
thermal relief valve must be calculated before sizing the valve (Parry, 1992). These 
systems are, first of all, a large system (> 100 m3) or the systems that undergo 
extensive flashing, those with low-boiling liquids, or those with a high probability of 
solids formations at the relieving device.  
2.4.2 Fire cases 
Exposure of equipment or pressure vessels to an external fire will lead to vapour 
generation and overpressure in the system due to vaporization or a decomposition 
reaction of the liquid content. Also, the strength of the wall material of the equipment 
may reduce due to the overheating. 
External fire cases are one of the most common instances in which PRDs are required. 
The procedure for the sizing of a relief device depends on the code, standard and 
method of calculation. For instance empirical method can be used for sizing. In this 
study, the sizing method chosen is according to API RP 521. 
In API 521 fire is characterized based on the intensity; as the fire intensity can vary 
dramatically depending on fuel, ventilation release rate and other factors. Caution 
should be taken in PRD size calculations with API 521 methods, because only the open 
pool fire scenario is considered in API 521 (API_521, 2014). The main fire scenarios are: 
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 Open pool fire has the heat flux in the range between 50 kW/m2 to 150 
kW/m2, which usually is due to ignited liquid spillage. 
 Confined pool fire has the heat flux in the range between 100 kW/m2 to 
250 kW/m2 and it happens inside the structure or is confined by 
embankments, therefore, it causes higher heat flux than an open pool 
fire in some cases. 
 Jet fire has the highest heat flux compared the two other scenarios in 
the range between 100 kW/m2 to 400 kW/m2. 
 
To examine the relief rate in fire cases, only the wetted surface area of the vessel will 
be considered. The wetted surface area is the portion of the vessel’s internal surface 
that is wetted by the vessel’s internal liquid and is located from 0 to 7.6 m above the 
source of the flame (API_521, 2014). 
The unwetted vessel wall is the part of the internal vessel wall that is not in contact 
with the liquid (e.g., the interior walls that are exposed only to gas, vapor or 
supercritical fluid or that they are internally insulated regardless of the fluid content). 
Also, if the vessel contains separate liquid and vapor phases under normal conditions 
but become a single phase (above the critical) at the relieving condition, each part of 
the vessel wall which is in contact with this single phase, is considered as unwetted wall 
vessel as well (API_521, 2014). 
The main specification of the vessel with an unwetted internal wall is that the heat flow 
from the wall to the contained fluid is low due to the heat transfer resistance of the 
contained fluid or any internal insulating material (API_521, 2014). 
In the API 521 (API_521, 2014), it is assumed that the vessel is isolated during a fire to 
simplify the analysis for relief rate. In addition, either a thermal-expansion-relief load or 
the boiling-liquid vaporization relief load should be used, but not both. 
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2.4.2.1 Relief rate equations for vessel containing liquid 
The amount of heat energy absorbed by a vessel exposed to an open fire, has a 
noticeable dependency on the type of fuel feeding the fire, also the degree to which 
the flames envelop the vessel (a function of vessel size and shape), the environment 
factor, firefighting, and drainage. Equation 2 can be used when the adequate drainage 
available (API_521, 2014). 
it should be noted that the C coefficients are numbered in accordance with the 
equations’ number; 
 𝑄 =  𝐶2 .  𝐹 .  𝐴𝑤𝑠
0.82 
 
 
(2) 
 
 
Where Q is the total heat absorption (input) to the wetted surface, expressed in W;  
C2  is constant, 43200 in SI units; 
 F  is the environment factor, can be found in API 521 (API_521, 2014); 
 Aws  is the total wetted surface area, m2. 
If adequate drainage and firefighting equipment do not exist, equation 3 should be 
applied (API_521, 2014) 
 𝑄 =  𝐶3 . 𝐹 .  𝐴𝑤𝑠
0.82 (3) 
where C3 is constant, 70900 in SI units. 
Utilizing equation (2) or (3), the rate of vapour generation from liquid can be estimated 
using equation 4 (Hellemans, 2009); 
 𝑚 =
𝑄
𝐻𝑣𝑎𝑝
 (4) 
where m is mass flow or relief rate kg/s; 
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Q is the total heat absorption (input) to the wetted surface, W; 
H vap is latent heat of vaporization, J/Kg. 
The latent heat and relative molecular mass values, which are used in the relief rate 
calculation, should be related to the conditions that are capable of generating the 
maximum vapor rate. The latent heat of the liquid contained in the vessel becomes 
invalid near the critical point of the fluid, where the latent heat approaches zero and 
the sensible heat dominates. According to API 521, if no precise latent heat value is 
available for the hydrocarbon near the critical point, a minimum value of 115 kJ/kg is 
sometimes acceptable as an approximation. 
2.4.2.2 Relief rate equations for vessels containing only gases, vapors, or 
supercritical fluids  
The discharge areas for PRDs on vessels containing supercritical fluids, gases or vapors 
exposed to open fires can be calculated using Equation 5. In certain cases, the normal 
operating pressure can be below the thermodynamic critical pressure, but the relieving 
pressure is supercritical (API_521, 2014), the following calculation method can be used 
in those cases as well. It should be noted that insulation is not considered, in the use of 
equation 5. 
 𝐴 =
𝐹′. 𝐴′
√𝑃1
 (5) 
where A is the effective discharge area of the valve, expressed in mm2 
A'  is the exposed surface area of the vessel (the portion of the vessel area which is 
equal to or less than 7.6 m above the source of flame), expressed in m2 
P1  is upstream relieving absolute pressure, kPa(a) 
NOTE  P1 is the set gauge pressure plus the sum of the allowable overpressure and the 
atmospheric pressure;  
F'  is a coefficient that can be determined using equation 6. However, if the result 
is less than 182 in SI units, the recommended minimum value 182 should be used 
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instead. If insufficient information is available to use equation 6, then F' = 821 should 
be used. 
 𝐹′ =
𝐶6
𝐶 ∙ 𝐾𝐷
[
(𝑇𝑤 − 𝑇1)
1.25
𝑇1
0.6506 ] (6) 
where C6 is a constant, 0.2772 in SI Units,  
KD  is the coefficient of discharge (obtainable from the valve manufacturer); 
Note that the KD value of 0.975 is typically used for preliminary sizing of PRVs (API_520, 
2008) 
Tw  is the maximum wall temperature of vessel material, K; 
T1 is the absolute gas temperature, at the upstream relieving pressure, determined 
from equation 8, K. 
The coefficient C is calculated by equation 7. 
 
𝐶 = 𝐶7 ∙
√𝑘 (
2
𝑘 + 1
)
𝑘+1
𝑘−1
 
(7) 
 
where C7 is a constant 0.0395 (𝑘𝑔 ∙ 𝑚𝑜𝑙𝑒 ∙ 𝐾)0.5/(𝑚𝑚2 ∙ 𝑘𝑃𝑎 ∙ ℎ); 
k is the Ideal gas specific heat ratio (𝐶𝑃/𝐶𝑣) of gas or vapor at the relieving 
temperature. 
 𝑇1 =
𝑃1
𝑃𝑛
. 𝑇𝑛 (8) 
where Pn is the normal operating gas absolute pressure, kPa 
Tn is the normal operating gas absolute temperature, K. 
If F' ≥ 182 in SI units, the relief load, qm,relief , expressed in kg/h , can be calculated by 
equation 9. 
 
𝑞𝑚,𝑟𝑒𝑙𝑖𝑒𝑓 = 𝐶9 ∙ √𝑀. 𝑃1  [
𝐴′ (𝑇𝑊−𝑇1)
1.25
𝑇1
1.1506 ]  
 
(9) 
where M is relative molecular mass of the gas; 
 18 
 
C9  is a constant, 0.2772 in SI units. 
Another equation for qm,relief (equation 10) should be used  if F' is less than 182 or set to 
182 (in SI units) 
 𝑞𝑚,𝑟𝑒𝑙𝑖𝑒𝑓 = 𝐶10 𝐶 𝐴′ ∙ √
𝑀𝑃1
𝑇1
 (10) 
where C10 is constant, 182 in SI units.  
The derivations of equations 5, 6, 7, and 10 are based on the physical properties of air 
and the ideal gas law. Some assumptions should be made to ensure that those 
equations are suitable for the considered situation, such as; the vessel is uninsulated 
and has no mass. Therefore, the vessel wall temperature does not reach rupture stress 
temperature. Moreover, there is no change in fluid temperature (API_521, 2014).  
2.4.2.3 Alternative method for relief rate calculation in vessels containing 
vapours, or supercritical fluids  
According to API 521, alternatively there is an empirical method of calculation for relief 
rate. The expansion of volume and incremental mass to be relieved can be calculated 
from the equations 11 and 12  (API_521, 2014).  
where 
Vn+1 is the volume calculated at step (n + 1), m
3 
Vn is the volume calculated at step (n) after the incremental volume has been relieved, 
and is equal to the initial volume V0, m
3 
 [𝑉𝑛+1 − 𝑉𝑛] =
𝑄. (
1
𝜌𝑛+1
−
1
𝜌𝑛
)
(𝐻𝑛+1 − 𝐻𝑛)
 
 
(11) 
 
 
  
 [𝑀𝑛 − 𝑀𝑛+1] =  𝑉0(𝜌𝑛 − 𝜌𝑛+1) (12) 
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Q is the heat input into the system for the time increment represented by the step 
from (n) to (n + 1), kJ 
ρn+1  is the density calculated at step (n + 1), kg/m
3  
ρn  is the density calculated at step (n), kg/m
3  
Hn+1 is the enthalpy calculated at step (n + 1), kJ/kg  
Hn  is the enthalpy calculated at step (n), kJ/kg  
V0  is the initial volume of the system, m
3  
Mn+1  is the mass calculated at step (n + 1), kg  
Mn is the mass calculated at step (n), kg  
2.5 Process fluid 
A vessel can contain liquids, vapors, a mixture of both phases or a mixture with a 
supercritical phase. The liquid phase can be subcritical at the operating temperature 
and pressure. It is also possible that the liquid phase passes through the critical 
condition or change to a supercritical fluid during the duration of a fire when the 
temperature and pressure in the vessel are increasing. The quantity and composition of 
the fluid to be relieved during a fire depend on the total heat input rate to the vessel 
under this contingency and on the duration of the fire (API_521, 2014).  
If the vessel contains fluid which is not completely specified, following assumptions can 
be considered to achieve a realistic relief flow rate for the relief device (API_521, 2014).  
a) The latent heat of the boiling liquid and the appropriate relative molecular mass 
of the vaporized fraction can be estimated;  
b)  The thermal expansion coefficient if the relieving fluid is a liquid, a gas, or a 
supercritical fluid without phase change, can be estimated. 
The sizing of PRV, however, can be affected by the change in temperature and in the 
latent heat, because both the vapor and liquid compositions might change when vapors 
are released from the system, due to the equilibrium between the vapor and the liquid. 
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The equilibrium depends on the relieving conditions at the PRD’s accumulated 
pressure. 
For multicomponent mixtures that have a wide boiling range, developing a time-
dependent model is required because of the gradual change of the composition with 
time. In this time-dependent model the total heat input to the vessel not only causes 
vaporization, but also raises the temperature of the remaining liquid, keeping it at its 
boiling point (API_521, 2014). 
During the interim time period between the liquid expansion and the boiling-vapour 
relief, it is necessary to relieve the mixtures of both phases simultaneously, either as 
flashing, bubble, slug, froth or mist flow until sufficient vapour space is available inside 
the vessel for vapour-liquid disengagement (API_521, 2014). With the exception of 
foamy fluids, reactive systems and narrow-flow passages (such as vessel jackets), this 
mixed-phase condition is usually neglected during sizing and selecting of the PRD 
(API_521, 2014). 
Ouderkirk investigates a method for relief valve sizing in terms of supercritical fluid 
passing through the valve in comparison to previous methods. The study shows that in 
case of two phase relief flow in relief path, as the pressure decrease isentropically, the 
homogeneous equilibrium model (HEM) would give a great opportunity for the two-
phase sizing scheme. HEM is based on the assumption of the two phase’s equilibrium 
and is the basis of the Leung omega method. Leung’s method is included in the API 520, 
as a possible two-phase sizing scheme. However, as the two-phase relief valve sizing 
methods are continuing to evolve, the designer should always refer to latest API 
guidelines. 
2.6 Wetted area 
Estimation of the wetted surface area regarding equation 2 and 3 depend on the 
geometry, the vessel’s orientation as well as the type of the vessel’s head. Moreover it 
should be noted that these equations are applicable for vessels not for pipes. The 
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following formulas are for the dynamic calculation of wetted area regarding vertical 
and horizontal vessels with a flat head.  
In AHD, the dynamic wetted area formula for vertical vessel can be calculated by 
equation 13. The equation disregards the top and bottom heads area of the vessel. 
 𝐴𝑤𝑒𝑡(𝑡) =
4
𝐷
  𝑉𝑓𝑙𝑢𝑖𝑑 (𝑡) (13) 
Where 𝐴𝑤𝑒𝑡(𝑡) is the wetted area of the vessel, m
2 
D is vessel diameter, m 
and  𝑉𝑓𝑙𝑢𝑖𝑑 (𝑡) is the fluid content volume at the time t, m
3 
Moreover, in terms of horizontal vessels with two flat heads, equation 16 can be used, 
which is derived from equation 14 and 15. 
 𝐴𝑤𝑒𝑡,𝑣 = 2 . 𝐿. 𝑅. 𝐶𝑜𝑠
−1  [
𝑅 − ℎ
𝑅
] (14) 
Where 𝐴𝑤𝑒𝑡,𝑣 is the vessel‘s wetted area without head, m
2 
L is the length of the vessel, m 
R is the radius of the vessel, m 
h is the height of the liquid, m 
and Cos -1 is a trigonometric arccosine function with the result in rad 
𝐴𝑤𝑒𝑡,ℎ = 2 . 𝑅
2 . 𝐶𝑜𝑠−1  [
𝑅 − ℎ
𝑅
] − 2𝑅(𝑅 − ℎ) . √1 − [
𝑅 − ℎ
𝑅
]
2
 (15) 
Where 𝐴𝑤𝑒𝑡,ℎ is the vessel‘s head wetted area, m
2 
 
Finally, 𝐴𝑤𝑒𝑡,𝑡𝑜𝑡𝑎𝑙 is the total dynamic wetted area of the vessel with two flat heads.  
 𝐴𝑤𝑒𝑡,𝑡𝑜𝑡𝑎𝑙 = 𝐴𝑤𝑒𝑡,𝑣 + 𝐴𝑤𝑒𝑡,ℎ    (16) 
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3 PROCESS SIMULATION 
In process simulation, chemical processes are represented through mathematical 
models and large sets of algebraic equations. The Following chapter describes different 
mathematical equation classifications and the methods for solving them.  By solving 
those equations the information about the performance of the chemical process can be 
obtained (Yee Foo et al., 2017). 
3.1 Mathematical model classification 
3.1.1 Distributed and Lump model 
Most chemical engineering systems have thermal and component concentration 
gradients in three dimensions (x, y, and z) as well as in time. This is known as a 
distributed system. Such a system can be characterized mathematically with a set of 
partial differential equations (PDEs). (Aspentech, 2011) 
If the x, y, and z gradients are ignored, the system is “lumped”, and all physical 
properties are considered to be equal in space. In such a system only the time gradients 
are considered. Therefore, it is possible to describe the process using ordinary 
differential equations (ODEs) which are much less rigorous than PDEs, thereby saving 
calculation time. In many cases, the lumped method gives a solution which is very 
approximate compared to the distributed model solution. Aspen Hysys applies lumped 
models for all of the unit operations (Aspentech, 2011).  
 
 
  
 23 
 
3.1.2 Linear and nonlinear systems 
In a nonlinear equation, the process variable Y is shown as a power, as an exponential, 
or is independent of other process variables. Many of chemical engineering processes 
occurring in nature are nonlinear. Nonlinearity arises from equations describing 
equilibrium behavior, fluid flow behavior, or reaction rates of chemical systems. While 
a linear system of equations are solved analytically using matrix algebra, the solution to 
a non-linear set of equations usually requires the aid of a computer (Aspentech, 2011). 
3.2 Solving methods 
Various solving methods for the sets of mathematical equations related to flowsheet 
can be used: closed form equation based, or sequential modular (SM), open form 
equation based, or equation-oriented (EO). Moreover, simulation mode affects the 
solution in process simulation packages based on the algorithm which is used for 
solving. For instance, rating, design, or optimization tasks are solved by different 
algorithms (Granholm, 2012).  
Sequential modular simulators are quicker and easier to use than equation-oriented 
simulators. However, they are not as flexible as equation-oriented simulators with 
respect to the choice of manipulated variables for optimization and convergence of 
flowsheet recycle loops and tear streams. Therefore, equation-oriented process 
simulators are a better choice in the case of real time optimization rather than 
sequential simulators and have more powerful optimization algorithms. Also equation 
oriented process simulation packages have been applied already in advanced model 
based control, scheduling and process operation analysis (Naysmith, 1998). Most 
commercial simulation software packages in the market, e.g., Aspen Plus, ChemCAD, 
and PRO/II, are using the SM approach (Yee Foo et al., 2017).  However AHD and APD 
can do both approach depends on the mathematical model (Aspen_Plus, 2019). 
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3.2.1 Sequential-modular approach 
The modules in most simulators are shown as a blocks. The blocks represent interior 
models which contain algorithms that are not visible to the user, i.e. the data goes into 
the block and the results come out of it. In the sequential modular approach, each 
module is solved independently. In rating mode, the calculations start with the feed 
stream. The latter is then connected as a feed stream for the following unit module, 
which is then solved for convergence. Therefore the input to each module is calculated 
by another (upstream) module (Granholm, 2012). By the sequential solving of the 
modules (process units) the entire flowsheet is solved. In order to achieve 
convergence, the unit modules may require iterative solution algorithms. However, the 
overall process is sequential in nature and there is no need for iteration (Yee Foo et al., 
2017) as illustrated in Figure 3-1. 
 
Figure 3-1 The concept of the sequential modular approach (Yee Foo et al., 2017). 
The main advantage of SM is that it is intuitive and easy to understand. It allows the 
interactions of users as the model develops. However, in cases of many internal recycle 
streams, there might be difficulty with convergence (Yee Foo et al., 2017). Additionally, 
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the optimization of the design variables with SM approach could be difficult, because 
the SM solution can be unstable or unavailable for some design variables. 
3.2.2 Equation-oriented approach 
The Equation Oriented (EO) simulation model is a set of equations. The set is solved 
simultaneously in simulation problems with the help of the equation oriented (EO) 
approach. For instance, for a problem with n design variables, p equality constraints, 
and q inequality constraints, the problem is formulated as follow equations 17 & 18 
(Yee Foo et al., 2017): 
 𝑆𝑜𝑙𝑣𝑒 ℎ𝑖  (𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑛) = 0 (𝑖 = 1, … , 𝑝) (17) 
 
 𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑔𝑗(𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑛) ≤ 0 (𝑗 = 1, … , 𝑞) (18) 
 
In every modular simulator, there is a library of unit models which can be selected and 
with some efforts substituted by the user’s own model. In contrast with the SM 
simulators, the EO models of an existing unit are visible to the user and can be 
modified. Moreover, the solution methods are not tied to the module and therefore 
there is more flexibility in the simulation’s set up. This, however, requires the user 
being proficient in modeling. A disadvantage of the equation-oriented approach is that 
model input errors can be hard to find (Granholm, 2012). 
The main advantage of EO approach is its ability to be formulated as an optimization 
problem. However, complex EO problems are difficult to solve and diagnose. It is also 
not as robust as the SM approach. Therefore, it has not been favored among 
commercial simulation software during last decades (Yee Foo et al., 2017). 
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3.3 Process Modelling 
3.3.1 Conservation balances 
Conservation balances are the basis of process simulation. The balance equations are 
functions of the physical properties, reactions, and hydraulics of the system. The aim of 
a simulation is to find a solution that satisfies all balances (Granholm, 2012).  
The steady state mode is a combination of non-sequential algorithms and modular 
operations. In general, in Aspen Hysys steady state mode, when the information is 
entered, it will be processed instantly. The results of any calculation are automatically 
transmitted throughout the flow sheet both forwards and backwards. 
In Aspen plus steady state mode, the information does not proceed as soon as they are 
given to the system. The integrator should be run after the addition of any unit 
operation to the flowsheet. Once the integrator is run, stream conditions for the exit 
streams of the added unit operation are calculated (Aspentech, 2011). 
 
The general dynamic mass balance equation can be seen in equation 19. In addition, if 
the system  is reactive, the term for chemical reaction can be added (Ingham, 1994). 
𝑑(𝐶𝑖,𝑜𝑢𝑡𝑉𝐿)
𝑑𝑡
+
𝑑(𝐶𝑖,𝑜𝑢𝑡 𝑉𝐺)
𝑑𝑡
= (𝐿𝑖𝑛𝑥𝑖,𝑖𝑛 + 𝐺𝑖𝑛𝑦𝑖,𝑖𝑛) − (𝐿𝑜𝑢𝑡𝑥𝑖,𝑜𝑢𝑡 + 𝐺𝑜𝑢𝑡𝑦𝑖,𝑜𝑢𝑡)   (19) 
where ci,out is the component I concentration in outlet stream, kg/m
3 
v is the volume of the system, m3 
L is the liquid or heavy phase flow rate, m3/s 
G is the gas or light phase flow rate, m3/s 
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and xi,in & yi,in are the component i mole fraction in inlet stream for heavy and light 
phase respectively 
and xi,out & yi,out are the component i mole fraction in outlet stream for heavy and light 
phase respectively. 
The energy balance equation for a dynamic system can be written as equation 20 . 
While the term in the left hand side represents the rate of energy accumulation, the 
first term on the right-hand side represents the required amount of energy which is 
needed to increase the temperature of the inflowing components to the system, the 
second term on the right-hand side represents the energy released in reactions, and 
the third term represents the heat transferred into and out of the system. The heat 
transfer rate between phases is often not modeled in process simulation, instead the 
phases are assumed to have equal temperature(Ingham, 1994). 
where  ni  is the number of moles of component i, mol/s 
𝑁𝑖,𝑖𝑛   is the molar flow rate of component i into the system, mol/s 
𝑐𝑝,𝑖,𝑜𝑢𝑡 is the heat capacity at constant pressure, for outlet stream of the system, 
Kj/kg.K 
𝑐𝑝,𝑖  is the heat capacity at constant pressure, for component i, Kj/kg.K 
T is the inlet and outlet temperature, K 
∑ (𝑛𝑖,𝑜𝑢𝑡𝑐𝑝,𝑖,𝑜𝑢𝑡)
𝑑𝑇𝑜𝑢𝑡
𝑑𝑡
𝑠
𝑖=1 = − ∑ 𝑁𝑖,𝑖𝑛
𝑠
𝑖=0  ∫ 𝑐𝑝,𝑖𝑑𝑇𝑜𝑢𝑡 +
𝑇𝑜𝑢𝑡
𝑇𝑖𝑛
∑
𝑟𝑖𝑗
𝑣𝑖𝑗
 (−∆𝐻𝑗 
𝑠
𝑗=1 (𝑇𝑜𝑢𝑡)) + ?̇? (20) 
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?̇?  is the heat transfer rate, kJ/s 
∆𝐻𝑗  is the enthalpy change for component j, kJ/mol 
𝑣𝑖𝑗  is the stoichiometric coefficient, dimensionless 
𝑟𝑖𝑗 is the reaction rate for component i and j, kmol/m
3.s 
s  is the number of compounds. 
The mechanical energy balance of equation 21 represents the heat generated due to 
the viscous friction of the fluid. In its extended or engineering form, terms that 
represent shaft work and friction loss are included. 
 
 ℎ2 +
𝑃2
𝜌2𝑔
+
𝑢1
2
2𝑔𝛼
 = ℎ1 +
𝑃1
𝜌1𝑔
+
𝑢1
2
2𝑔𝛼
+ ∆ℎ − ℎ𝑓 
 
(21) 
where h is the elevation height , m 
P is the static pressure, Pa 
𝑢 is the velocity, m/s 
𝜌 is the density, kg/m3 
𝛼 is velocity adjustment factor =1, dimensionless 
g is the acceleration of gravity 9.81, m/s2 
ℎ𝑓 is the friction loss, m
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∆ℎ is the head of shaft work, m 
In many cases, the amount of energy lost to viscous dissipation (friction loss) in the 
fluid is small compared to the magnitude of the other terms in equation 21. In such a 
case, ℎ𝑓 ≈ 0. In addition, many common flows (e.g. fluid flow through a pipe) do not 
have any appreciable shaft work associated with them, therefore, ∆ℎ = 0. For such 
frictionless flow with no shaft work, the mechanical energy balance simplifies to 
Bernoulli’s equation 22: 
 
𝑔∆𝑍 +
∆𝑃
𝜌
+
∆𝑢2
2
= 0 
(22) 
 
3.3.2 Fluid flow models 
Choosing an appropriate flow model is a vital step to achieve a sophisticated model for 
safety valve simulation. There are various alternatives available within AHD, APD and 
ProsDS.  According API 521, the suitable model for the liquids that do not flash when 
they are transited from an opening are incompressible-flow equations. For vapour 
passing through a ruptured tube opening, compressible-flow theories apply. In terms of 
gas and non-flashing services, Carane (CARANE, 1982) presented steady state 
equations for evaluating the flow rate through an orifice or an open tube end, which is 
recommended by API 521. 
In terms of flashing liquids or two-phase fluids, a two-phase model should be used for 
estimating the flow rate through a failure. The flow models developed by the Design 
Institute for Emergency Relief System (DIERS) and others can be adapted for this 
purpose. 
Sorvari explained flow models available within ProsDS and compare the different 
methods (Sorvari, 2008). Within the ProsDS TRMKIT safety-valve simulation software, 
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the following methods are available for modeling of two-phase flows in pressure relief 
simulations 
 API 520 RP (Recommended Practice) 7th edition (2000), which consist of 
Simplified Homogenous Equilibrium Model (Leung ω HEM method) 
 HEM  (DIERS) – Homogeneous Equilibrium Model (HEM) conducted by Design 
Institute for Emergency Relief System (DIERS)  
 HDI (Homogenous Direct Integration) method  
 ISO/DIS 4126-10 
In AHD the following methods are available for flow calculation: Cp/Cv method and HEM 
method. The first one can be used for one phase and two phase flow. The second one is 
only for two phase flow. In the APD wider options are presented for flow equations as 
can be seen from Table 3-1.    
Table 3-1 flow equations in Aspen Plus Dynamic (Aspen_Plus, 2019) 
 
 
 
 
3.3.3 Phase equilibrium calculations 
Precise phase equilibrium calculations are necessary for design, simulation, and 
optimization of chemical processes. Generally the two main methods have been widely 
used for these calculations and are based on either equation-solving or Gibbs free 
energy minimization approaches (Teh and Rangaiah, 2002). These methods are solved 
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based on the physical properties data. Both methods require physical property 
information, which is calculated with the assistance of an activity coefficient model or 
an equation of state. As these approaches are based on balance equations, some 
difficulty might occur when the number of fluid phases at the equilibrium is not 
obvious before the calculation. In order to overcome this challenge either stability 
analysis should be performed in a separate step or the flash algorithm should be 
formulated in a way that allows the balance equations to contain a varying number of 
phases (Granholm, 2012).  
 
Based on the fact that in equilibrium conditions the chemical potential of each 
component is equal in all phases, the equation-solving method can be named as the K-
value method or mass balance approach. In this method for an assumed number of 
phases a set of equations consisting of mass balances, fugacity matching and sum of 
mole fractions are solved numerically. There are two subclasses based on how these 
equations are solved. In one subclass all the governing equations are solved 
simultaneously, it is known as simultaneous equation solving (SES). In the second 
subclass the estimated values for K along with the governed equations are solved in 
inner loops and, as K-values might change based on the phase compositions, the 
estimated values are updated in the outer loop (Teh and Rangaiah, 2002). 
The Gibbs free energy minimizing method is more reliable than the equation-solving 
method. The Gibbs free energy minimizing method requires finding the global energy 
minimum. It is quite challenging to find a solution for global energy minimum as this 
function is highly nonlinear and complex. The Gibbs free energy minimizing methods 
can roughly be divided into local and global solution methods. The local solution 
methods have a low computational demand, but may fail because of bad initial values. 
Global methods do not have this problem, but are complex and have a high 
computational demand. Homotopy-continuation methods, which are hybrids between 
 32 
 
the local and global methods, have also been developed, and occupy a middle ground 
between computational demand and reliability (Granholm, 2012). 
3.4 Choosing a property method 
It is mandatory for each unit operation in AH and AP and ProsDS simulators to choose 
the proper property method and do the calculation based on that in order to get 
reasonable results. Fugacities and enthalpy calculations are used for calculations of 
thermodynamic equilibrium, and this is quite reliable information to use to calculate a 
mass and heat balance. However, other thermodynamic properties are calculated for 
all process streams. Property calculation has a strong influence on the results of overall 
modeling. This is due to the quality and the choice of the equilibrium and property 
calculations. The quality of the property calculation is determined by the applicability 
of the model equations. In order to use the property calculation effectively it is 
necessary to know the equations application area. For instance Figure 3-2 shows the 
schematic route to choose a suitable property method for nonpolar solution 
(Aspen_Plus, 2019). 
The Soave-Redlich-Kwong (SRK) equation-of-state is a widely used equation for the 
prediction of the vapor-liquid equilibrium of substances. The SRK equation can be 
correlated to describe the vapor pressure of fluids and their densities (Schaschke, 
2014). In addition, it can be used for hydrocarbon systems that include the common 
light gases, such as H2S, CO2 and N2 (Aspen_Plus, 2019). 
 33 
 
 
Figure 3-2 schematic of the route to choose a proper property method for non-polar 
solution (Aspen_Plus, 2019) 
In addition, a fluid package should be created before entering the simulation area 
within Aspen products. This fluid package is a combination of a component list that the 
user defines in the components list folder of the properties navigation pane, and a 
collection of tasks or industry-specific property-derivation methods called a 
property package. The fluid package contains all the relevant information for pure 
component flash and physical property calculations.   
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4 DYNAMIC OPERATIONS  
Often, steady state simulations are used for the description of plant operations. In 
practice, chemical plants are never actually steady state. Therefore, dynamic 
simulations and modeling are used to achieve more rigorous and reliable results. 
Numerous components impact on the diversion of a process from a steady state mode. 
For instance, feed and environmental disturbances, heat exchanger fouling, and 
catalytic degradation persistently disturb the conditions of a smooth running operation 
(Aspentech, 2011). 
Dynamic simulation can be used to understand how a process and its associated 
control system will respond to controllable or uncontrollable disturbances as a function 
of time such as changes in the feedstock and set points or changes in the heat transfer 
between equipment and environment. Some of the applications of dynamic simulation 
are to improve safety, operability, controllability; others are for understanding dynamic 
interactions between the equipment, such as depressurization or drainage in. 
According to API 521 dynamic simulation can be applied for the calculation of a 
pressure relief load. The goal is to estimate the transient pressure load, because the 
conventional methods for relief load calculation are generally conservative and may 
cause the oversizing of relief and flare systems. In addition overdesign costs more and 
may lead to valve chatter during operation. Dynamic simulations would help the 
understanding of what happens during relief of a system. 
In addition, it should be noted that dynamic simulation is applicable wherever the 
conventional methods can be used and in fact should follow the same rules as the rules 
set for performing conventional calculation methods. The dynamic model should be 
adapted to expected or current operation models, therefor, performing sensitivity 
analysis with regard to control response and validating the model is mandatory. If there 
are some uncertainties regarding the physical phenomena, it should be note that the 
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most conservative assumption should be considered for dynamic simulation (API_521, 
2014). 
 
Song (Song, 2014) has investigated the computational fluid dynamics (CFD) analysis of a 
direct-operated safety relief valve. The study shows that with the help of CFD it is 
possible to achieve a precise picture of the compressible fluid flowing through the SRV, 
as well as the small-scale flow features in the seat regions. The results prove that the 
model has great potential for assisting engineers in the preliminary design of SRVs, 
operating under actual conditions that are usually difficult to interpret in practice. 
As in this study, the simulation of PRVs by AHD and APD will be compared with ProsDS. 
The following chapter outlines the specification of these simulators in term of dynamic 
simulation specifications and in particularly regarding relief valves simulations. In 
addition, the main differences regarding unit operation specifications between steady 
state and dynamic modes of Aspen’s software will be explained. 
4.1 The difference between dynamics and steady state simulation 
Regarding Aspen Hysys, in steady state mode all conservation balances including 
material, energy and composition are calculated simultaneously. Pressure, flow, 
temperature, and composition specifications are considered equally. For instance, a 
column’s overhead flow rate specification is replaced by a composition specification in 
the condenser. The column can be solved with either specification. 
In AHD and APD, the pressure flow solver exclusively considers pressure-flow (P-F) 
balances in the system. Temperature and composition are then calculated sequentially 
for each downstream unit operation and material stream using the holdup model 
(Hysys, 2019).  
Moreover, in the dynamic mode in contrary to the Steady State mode, the information 
is not processed immediately after being input. The integrator should be run after the 
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addition of any unit operation to the flowsheet. Once the integrator is run, stream 
conditions for the exit streams of the added unit operation are calculated. 
4.1.1 Flow determination 
One of the main differences between steady-state and dynamic simulation is that the 
amount of input flow to a block may differ from the output from it. Therefore, it is 
necessary to determine the flow between the blocks. In other words, in the steady 
state solver of Aspen Hysys despite of dynamic solver the pressure and flow are not 
related to each other. Therefore, in dynamic mode of AH flow goes from high to low 
pressure and if there is no pressure drop, also there would not be any flow either. 
There are two methods available in order to examine inter block flow in AHD and APD, 
the flow- driven and pressure-driven approaches (Granholm, 2012). 
When the inlet stream conditions and operation specifications have an influence on 
determining the outlet stream’s flow rate, it is a flow–driven simulation. Even though 
flow-driven simulations are simple, they do not model a physical process realistically. 
Therefore, they are not as accurate as pressure-driven simulations. 
In pressure-driven, or pressure-flow, simulations, the flow rate between blocks is 
determined by the pressure difference between the blocks; when the pressure 
difference is reduced the flow rate will also decrease. In pressure-driven simulations, 
the pressure of the feeds and products are usually fixed.  
Many equations can be found in literature that relates the pressure drop to flow rate 
but the simplest is the turbulent flow equation 23. The turbulent flow equation 
indicates that the flow through a valve is proportional to pressure drop and fluid 
density. 
 𝐹23 = 𝐾𝑣√∆𝑃. 𝜌  (23) 
where 𝐹23 is flow through the valve, m
3/s 
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KV is the proportionality flow constant in metric units, which is written Cv in 
imperial units form of the equation, and depend on the geometry of the valve; 
∆𝑃 is pressure drop across the valve, kPa 
𝜌 is fluid density, kg/m3. 
As the flow is pressure dependent, upstream behavior can be influenced by 
downstream equipment. For instance a closed valve downstream could cause pressure 
to build up and affect upstream flows. This means that the flows cannot be solved 
sequentially, as they are in steady state but all the flows are solved simultaneously. In 
dynamic simulation, in order to achieve zero degrees of freedom, it is necessary to 
specify the pressure at the boundaries (Aspentech, 2011). 
In dynamics vessels, rating has significant impacts on the performance of the process, 
since in a real plant many units have considerable amounts of hold up or accumulation 
which is the opposite of the steady state condition. In steady state, it is not required to 
size equipment unless for a kinetically limited process or for a specific type of 
distillation. However, in dynamics sizing the equipment properly is important as 
equipment sizing will affect hold up, process response time and pressure drop 
(Aspentech, 2011). 
In AHD and in practice, different types of models for opening of the control valves and 
safety valve are available: Linear, Quick Opening and Equal Percentage model. These 
models are corresponding to flow through the valve based on the percentage of the 
opening. This means in the linear model the flow is directly proportional to the valve 
opening while quick opening obtains larger flow initially at lower valve openings and as 
the valve opens further the flow increases at the smaller rate. Moreover, in accordance 
with the Equal percentage model the valve passes very small flow initially at lower 
valve opening and  the flow increases rapidly as the valves opens to its full position 
(Aspentech, 2011). 
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Figure 4-1 Valve characteristics on Aspen Hysys, where Cv is given in Equation (23) 
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4.2 Simulation software 
In general AH and AD are flowsheet simulators which quantitatively model a chemical 
plant. Also, not only can it simulate the core reactor of a unit, but also pre and post 
treatment steps. This approach is known as the Onion model to guide flowsheet 
formation (Yee Foo et al., 2017) see Figure 4-2. Therefore, simulation of an entire 
chemical process, starting from the raw material to the final finished product, is 
symbolically represented by different icons where each icon stands for a unit 
operation, chemical process, input/output material stream, input/output energy 
stream, or input/output electric/pneumatic signal. (Aspentech, 2011) 
 
Figure 4-2 The Onion model (Yee Foo et al., 2017). 
As the aim of this study is to compare dynamic fire simulation performed with AHD, 
APD and ProsDS. The following chapter will go through each simulation software and 
their capabilities regarding dynamic fire simulation. 
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4.2.1 Aspen Hysys 
In the beginning of the 1990s, Hysys begun as a Hyprotech product and was afterwards 
acquired by Aspen Tech. Aspen Hysys is a sequential modular process simulator with 
integrated dynamic simulation capabilities that uses lumped models for all of the unit 
operations. In dynamics mode, the simulations are pressure-driven or flow driven. 
Hysys can be applied in the simulation of oil & gas production, gas processing, 
petroleum refining, and air separation industries. The steady state simulations of these 
processes can be transferred to dynamic mode. In addition, Hysys not only can be used 
for simulation and optimization, but also it is a tool for business planning and asset 
management (Granholm, 2012).  
In terms of dynamic simulation of pressure relief scenarios in addition to the possibility 
to simulate a fire scenario within the simulation environment of Aspen Hysys Dynamic, 
the other available simulations are discussed below.  
 
4.2.1.1 Safety analysis environment 
Within Aspen Hysys there is a Safety Analysis Environment (SAE) sub flow sheet 
available, which uses data from process simulation for automated PRD sizing 
calculations. The features available in this environment are as follows (Hysys, 2019):  
 calculate relief load based on different emergency scenarios  
 Analyze overpressure scenarios 
 Determine which contingencies require pressure relieving devices and size 
these devices according to appropriate standards 
 Analyze systems protected by multiply relief devices, determining multiple valve 
configurations 
 Has both single and two-phase calculation modules, including procedures for 
designing inlet and outlet lines and at the same time performing relief valve 
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orifice calculation and selection which helps to find consistency between 
backpressure items, inlet/outlet PSV flange sizes, and hydraulic calculations 
 Capable to generate appropriate documentation for analysis  
The calculation of relief load in a safety analysis environment in case of external pool 
fire and thermal expansion are based on the API 521. Aspen Hysys calculates relief load 
through semi-dynamic vaporization analysis, which calculates the minimum latent heat 
and maximum relief load for a fire scenario. Methods are available for fire cases of both 
wetted and unwetted vessels. It is possible to calculate relief loads from vessels with 
user-defined or calculated exposed areas and environmental factors (Hysys, 2019). 
4.2.1.2 Depressuring Utility 
According to Hysys (Hysys, 2019) the Depressuring Utility is a tool within Aspen Hysys  
that can be used to simulate systems that are depressurized through a single valve, 
including gas-filled vessels, gas-and-liquid-filled systems and pipelines. Inputs into the 
Depressuring Utility are transferred to a Hysys sub flowsheet which is a predetermined 
simulation flowsheet regarding fire duty calculation, vapor and liquid flowrate 
calculation. The predetermined parameters can be seen on the main flowsheet. This 
sub flowsheet is run in dynamics mode until the depressuring time is complete, and 
the run data is stored in strip charts. The results are retrieved from the strip charts and 
summarized on the performance tab. The minimum Depressuring utility requirement is 
to specify the system volumes, the heat transfer model, and the depressuring valve 
information. It should be noted that The Depressuring Utility does not require 
dynamics or other additional special licenses to run. The Depressuring Utility works 
with all fluid packages, except for the electrolyte fluid package and where solids are 
present. Larger systems and more complex configurations can be studied in the 
BLOWDOWN Utility or in Dynamics mode, where piping can be configured (Hysys, 
2019). 
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Regarding fire calculation within the Depressuring Utility sub flowsheet it is possible to 
calculate the fire heat duty with a self-written spread sheet or through the API 521 fire 
calculation method, as well as to perform the Stefan Boltezmann fire calculation and to 
use applied duty and adiabatic modes (Hysys, 2019). 
4.2.2 Aspen Plus 
Aspen Plus is suitable for the chemical, polymer, specialty chemical, metals and 
minerals, and coal power industries and is based on the sequential modular method. It 
also has the option of switching to an equation-oriented mode, which is more suitable 
for the simulation of large and complex processes. APD can be run in optimization 
mode, while it is not possible in AHD. In optimization mode of APD, objective functions 
are optimized using an sequential quadratic programming (SQP) algorithm (Granholm, 
2012). 
Aspen Plus dynamic has dynamic specifications as well as Aspen Hysys and it is possible 
to choose between flow-driven and pressure driven simulation modes in APD, while 
AHD is based on pressure- driven simulation by default with the option of directly 
specifying the flow rate of a stream (Granholm, 2012). 
Within Aspen Plus the same as within Aspen Hysys, it is possible to semi-dynamically 
simulate fire scenario within the Safety Analysis Environment which has almost the 
same capabilities as SAE in Aspen Hysys. Moreover, it should be noted that Aspen Plus 
dynamic has the capability to simulate fire scenario based on API 521, API 2000 as well 
as on NFPA-30 from the National Fire Protection Association. The later document 
regards flammable and combustible liquids code. 
4.2.3 ProsDS 
ProsDS is a sequential modular dynamic process simulator programmed based on ANSI 
Common Lisp, which is developed by NES (former Neste Jacobs Oy). The first version 
was developed since 1987 and can be applied for both design and operator training. It 
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is possible to tailor ProsDS based on the company need and that can be one of the 
main features of this in-house software (Granholm, 2012). 
The sequential modular simulators have quite rigid building blocks, which are not 
possible to be customized based on the user’s needs. However, the flexible equation-
oriented simulators require some expertise, which not every user might possess. 
Therefore, software likes ProsDS has the combination of the positive points of those 
approaches; it has the ease-of-use of a traditional sequential modular simulator, while 
new models can be incorporated by user into the software when needed. In addition, 
ProsDS users can choose the flow rate determination method of each stream 
(Granholm, 2012). 
TRMKIT is a thermodynamic simulator within ProsDS which has the capability to 
calculate emergency relief flows as well as phase envelopes, saturation properties and 
critical points of mixtures. The user can choose equation of states  such as, Soave-
Redlich-Kwong (SRK), Peng-Robinson and Adachi-Sugie among others (Sorvari, 2008).  
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5 APPLIED PART 
5.1 Overview 
This chapter compares and discusses the results of dynamic PSV simulation from three 
different simulators.  Aspen Hysys Dynamics, Aaspen Plus Dynamics and ProsDS are 
compared in terms of external fire scenario. The two PSV cases SV-101 and SV-102 
were simulated in advance by NES using ProsDS. The results obtained in this work using 
APD and AHD simulators were compared to the PorsDS available results. The 
considered cases were simulated by AHD and APD version 10. In all simulated cases, 
SRK equation of state was selected as thermodynamic model.  
5.2 Case 1 
The objective of case 1 was to dynamically simulate safety valve SV-101 in the case of 
an external fire. The safety valve protects 250 m of 3" horizontal pipeline, and it is 
assumed that the fire will affect 10 m of the pipe’s length. Originally the SV-101 was 
discharged into a 151.5 m pipeline, however currently the discharge line is replaced by 
9.5 m pipeline. A mixture of three light hydrocarbons A, B and C flows through the 
pipeline. Following scenarios with three different pipeline configurations and mixture 
compositions were considered for this simulation: 
a) External fire  
Composition (A 1%, B 96%, C 3%) 
Original discharge line 
 
b) External fire  
Composition (A 96%, B 1%, C 3%) 
Original discharge line 
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c) External fire  
Composition (A 96%, B 1%, C 3%) 
Proposed discharge line 
5.2.1 ProsDS input 
The simulation in case 1 was conducted by the ProsDS 64-bit patch 7-2-0 using the 
simulator package TRMKIT. The schematic of simulation flowsheet as can be seen from 
Figure 5-1. 
 
Figure 5-1 simulation model in ProsDS 
The initial input regarding ProsDS simulation can be seen in Table 5-1. Moreover, the 
compositions and the discharge line specifications were given based on each scenario. 
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Table 5-1 Initial data for SV-101 
Pipe Value Unit 
Pipe volume 0.0477 m3 
Pipe surface exposed to fire 2.457 m2 
Operating pressure 2100 kPa(a) 
Operating temperature 20 ˚C 
SV-101   
Set pressure 3100 kPa(a) 
Maximum allowed pressure 4500 kPa(a) 
Back pressure at discharge line 
outlet 
101.3 kPa(a) 
The fire heat duty was calculated based on equation 2. For flow model, API 520 7th 
edition (API_520, 2000) was used. In addition, as the mixture in reliving condition 
would be near critical point, the flash calculation based on the isentropic flash was 
chosen.  
5.2.2 Aspen Hysys input 
The flowsheet model for all the scenarios of case 1 are the same and can be seen in 
Figure 5-2. Moreover, all the input data regarding each scenario were the same in AH 
as the ProsDS input, except for the flow model and the outlet pipe. For each scenario a 
suitable flow model was chosen based on the phase of the relief flow, and the 
operating pressure range of the vessel. The simulation model was run with different 
flow models and the selected flow model for each scenario gives the closer result to 
the design criteria of the safety valve, especially the operating pressure range (set 
pressure and maximum allowed pressure) and the relief rate. In addition the chosen 
flow models give closer results to the results from ProsDS as well. 
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Figure 5-2 Aspen Hysys flowsheet for case 1 
In our dynamic simulation, the material flow is driven based on by the pressure 
difference. The fire heat duty was calculated in a separate spreadsheet based on 
equation 2 from API 521. The pipe in this case is assumed a horizontal vessel, which is 
presented as tank in AHD; therefore, the wetted area for equation 2 was calculated by 
equation 16. In addition, all the valves (VLV-100, VLV-101 and VLV-102) were closed 
before entering the dynamic mode. The discharge pipeline was not simulated within 
Aspen Hysys steady state as there was a warning regarding the sizes of the two 
different pipes’ diameters. If the warning can be resolved, the discharge pipeline can be 
included in the dynamic mode simulation. The same warning prevented the discharge 
pipeline simulation not only in all Aspen Hysys dynamic simulations, but in all Aspen 
plus simulations as well.  
In general, one of the prerequisite of entering the dynamic mode of AHD and APD is 
absence of any warnings or errors within the steady state simulation. A notification and 
guidance for resolving the errors and warnings are always provided by AH and AP to 
help entering the dynamic mode. Common errors in the simulation setup are, for 
example, absence of flow through the pipe or the incorrect pipes diameter input. As 
the discharge pipeline is not simulated, scenario b and c are equal in terms of 
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composition and other process flowsheet properties. However, scenario b is simulated 
by an integrator time step of 0.5 s, while scenario C is simulated with an integrator time 
step of 0.1 s in order to understand the effect of integrator time step on simulation 
results. 
For safety valve SV-101, the Quick Opening model was chosen within the valve 
parameter tab of AHD. This selection is based on Figure 4-1 regarding the safety valve 
general opening pattern.  
The case 1 was also simulated with the Aspen Hysys Depressuring utility using the same 
input data as ProsDS. The scheme of the flowsheet can be found in Figure 5-3. The pipe 
material is carbon steel, however, as there is no such option available in AH pipe 
material selection, mild steel was chosen instead. The semi ideal flow model was 
chosen for this case as there is no HEM or any other two phase model options in the 
Depressuring subflowsheet. In accordance with the recommendations of API 521 for 
one phase flow model, ideal conditions Cp and Cv were given instead of rigourous 
Cp/Cv calculations. 
 
Figure 5-3 schematic of case 1 simulation within Deperessuring utility in Aspen Hysys 
5.2.3 Aspen Plus input 
Input data for these simulations were the same as for ProsDS. However, a mixer block 
was chosen instead of a pipe block. This selection was due to absence of fire 
calculations for a pipe blocks in APD, unless the user programs a fire case as a new task 
in APD. In addition a flash vessel cannot be used in APD due to a warning of zero flow 
downstream of V-100 (out 2) which can be seen at Figure 5-2. In steady state 
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simulation, this warning is caused by the pressure drop inside the vessel. The mixer 
dimensions were set up in accordance with the pipe dimensions. Isentropic flash was 
chosen as a flash model, the same as used in ProsDS. The fire heat energy calculation 
was based on equation 2 from API 521. In terms of flow model, the HEM (DIERS) flow 
model was chosen at the setup tab of the safety valve.  In addition, the opening area of 
the valve V1 at time zero was chosen to be close to zero (i.e. 0.0001 mm2), which 
practically means closed. The reason for the small nonzero opening area selection was 
inability of the APD mathematical solver to start the simulation at the zero initial 
opening area. 
It should be mentioned that when entering to the dynamic simulation from the steady 
state pipeline configuration, Aspen Plus warns about presence of a subcooled mixture. 
Therefore for our dynamic simulations, all simulated cases were started with the 
bubble point temperature of the mixtures. 
 
 
Figure 5-4 schematic of Aspen Plus Dynamic simulation for case 1 
 
5.2.4 Results of case1  
Table 5-2 shows the results of simulation at the largest required opening area of the 
orifice for AHD and ProsDS. In both simulators it seems that the orifice size D is an 
appropriate choice based on the largest opening area. In addition, in all the scenarios 
the relief load would be in two phase which can be seen from the vapor fraction curve 
(gray color) in Figure 5-5 at the maximum required opening area of the safety valve. 
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Scenario 1a results are very close to the results from ProsDS except that the maximum 
opening area in AHD is occurred sooner than in ProsDS. 
Table 5-2 AHD and ProsDS results at the largest required opening area of orifice for 
case1 
 
 
Scenario a Scenario b Scenario c Scenario a Scenario b Scenario c
Integrator time 
step
0.1 0.5 0.1 0.1 0.1 0.1 s
Inlet Temperature 141.8 85.03 124.9 146.87 87.07 86.93 ˚C
Inlet Pressure 3128 3616 4906 3341.96 3354.71 3347.95 kPa
Open area 21.32 71 71 64.05 66.62 65.32 mm
2
Orifice size D:71 D:71 D:71 D:71 D:71 D:71 mm
2
Mass flow 2.51 0.38 0.35 2.34 2.54 2.63 t/h
Molecular weight 58.88 46.50 48.16 58.82 45.50 45.50 g/mol
Time to reach to 
the largest 
required opening 
area
36 21 93 95 52 52 s
Leung ω HEM              
(API520 7th)  
Leung ω HEM              
(API520 7th)  
Leung ω HEM             
(API520 7th)  
ProsDS
Unit
Flow model HEM (DIERS) HEM(DIERS)
CP/CV                       
( semi ideal)
Aspen Hysys
Case 1
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Figure 5-5 schematic of the results in AHD for scenario 1a (Green= vessel pressure, 
Gray= vapor fraction, Light blue= liquid level %, Dark blue= relief mas flow, 
Black=current orifice area, Yellow= Inlet temperature, Pink= SV open %, Orange= duty) 
In accordance with the Figure 5-5, the relief process can be divided into three stages. In 
the first stage (0-30s), thermal expansion occurs therefore the temperature (yellow 
curve) raises and the pressure (green curve) increases up to the set pressure of the 
safety valve. After the valve starts to open and close (pink and black curves) to release 
the over pressure and relieve flow. The second stage (30-45s) starts with vaporization, 
as can be seen from vapor fraction graph (gray curve). While the fire continues and 
heat continues to transfer to the vessel, the pressure within the vessel increases until it 
reaches the largest opening area. At this point the relief flow is in two phases. The third 
stage (45-71s) starts after the peak of opening area (maximum amount of relief flow). 
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At this stage, the opening area (black curve) and the percentage of valve opening (pink 
curve) are decreasing. While the liquid level percentage in the vessel decreases (light 
blue curve), the vessel pressure and inlet temperature are approximately constant or 
increase slightly due to the consumption of the fire heat duty by the liquid vaporization 
process. In addition, as can be seen from Figure 5-6 and Figure 5-7, the vapor fraction 
graph (gray curve) has two dramatic falls at the beginning of the vaporization and at 
the end of vaporization. Those dramatic changes were not expected in the dynamic 
simulation. This might be due to the numerical artifact within AHD, whenever large 
changes occur.  
 
 
Figure 5-6 schematic of the numerical artifact in AHD simulations marked by red ovals, 
case 1 scenario a 
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Figure 5-7 schematic of the results in AHD for case1, scenario 1b, time step 0.5 (Green= 
vessel pressure, Gray= vapor fraction, Light blue= liquid level %, Dark blue= relief mas 
flow, Black=current orifice area, Yellow= Inlet temperature, Pink= SV open %, Red Oval= 
numerical artifact) 
Figure 5-8, Figure 5-9 and Figure 5-10 show the schematic of the dynamic run in APD. In 
Aspen Plus the simulation failed in the time of 0.10774 min due to the failure of the 
non-linear solver. This happened as the liquid volume within the vessel reaches the 
maximum of the vessel volume and liquid is being vented as soon as the fire starts at 
the time of 0.1 minute.  
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Figure 5-8 schematic of APD fire plots for case 1a, pressure (blue), temperature (green), 
pink (mass flow) 
 
 
Figure 5-9 schematic of APD case 1a plots for flow (blue), inlet and outlet pressure of 
the valve (red and pink) 
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Figure 5-10 schematic of APD liquid level of the vessel case 1a 
 
The results from the Depressuring Utility of Aspen Hysys can be seen from Figure 5-11. 
The same as in AHD, the process development with time can be divided into three 
sections. It starts from thermal expansion (0- 63s) which can be seen form Figure 5-11 
(blue and yellow). The pressure of the vapor within the vessel (black) is rising. 
Therefore, the valve opens to release the excess pressure and then closes. This trend 
continues until the vaporization starts, which can be seen from tank’s wetted area line 
(blue). The second stage (63- 78s) continues until all liquid within the vessel is 
vaporized, therefore the tank’s wetted area decreases to zero. After that the pressure 
in the vessel stays under the set pressure of the valve.  
It should be noted that, it is not possible to change the integrator time steps within the 
Depressurizing utility subflowsheet, therefor scenario b and c are equal and only one of 
them is presented in Table 5-3. 
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Table 5-3 case 1 Deperresuring Utility results at the maximum opening area 
Depressuring Utility Scenario a Scenario b Unit 
Integrator time step 0.5 0.5 s 
Flow model CP/CV 
Semi Ideal 
CP/CV 
Semi Ideal 
 
Inlet  Temperature 151.29 94.21 ˚C 
Inlet Pressure 3560 3622.12 kPa 
Open area 25.86 27.44 mm2 
Orifice size 45 45 mm2 
Mass flow 1249 1177 kg/h 
Time to reach to the 
maximum opening area 
76 49.5 s 
 
 
Figure 5-11 schematic of the results for case 1a Depressuring Utility simulation (the 
notations are as in (Black= vapor pressure, Blue= tank wetted area, Green= liquid out 
mass flow, Yellow= fluid temperature, Red= vapor out temperature) 
The orifice size for simulation in case 1 is selected based on the  trail and error method. 
At the first test, the orifice size D was selected, but due to considarable valve chattering 
the rest of the orefice sized trials were of the smaller sizes. Figure 5-12 shows that size 
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45 mm2 would give more realistic results which means the results are close to the 
operation range of safety valve.  
 
Figure 5-12 the result’s trend for case 1b Depressuring Utility simulation 
5.2.5 Comparison of results for case 1  
As can be seen from Figure 5-13 by utilization of semi ideal Cp/CV flow model for the 
case 1a would lead to the results that are close to the design criteria of the safety valve 
and the vessel’s pressure would not exceed the maximum allowed pressure. It should 
be noted that in Hysys simulation 1a, the vessel pressure reached to the maximum 
pressure quicker than the ProsDS simulation. In addition, the AHD 1c simulation which 
was done with a step size of 0.1 s, is presented with the (blue curve) which goes out of 
the figure scale. In addition, during the simulation run in the AHD a supercritical fluid 
notification was appeared. Therefore, it is up to the designer to decide if the simulation 
should be continued or should be stopped. The simulation continuation in our case 
leaded to 15000 kPa vessel internal pressure, which was much higher than the 
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maximum allowed pressure. This might indicate that AHD would have difficulty on 
converging the simulation near critical point that is why the pressure increases 
dramatically. In addition, this pressure raise shows the effect of step size of the 
integrator on the accuracy of the AHD results. For example, the difference between 
case 1b which was done by a step size of 0.5s and 0.1s should be noted. For AHD case 
1b simulation, there were no notification or warning and the results are closer to the 
acceptable range of safety valve design criteria in comparison with 1c simulation 
results. This arbitrary incident might be an alarming from the numerical parameter 
point of view of in AHD, as it is expected to reach more precise results with less 
integrator time steps. In addition, it should be noticed that there are fluctuations due 
to the thermal expansion within the AHD simulation results until the pressure reaches 
its maximum. Those fluctuations were not observed in the ProsDS simulation.  
 
 
Figure 5-13 case 1 vessel pressure comparison 
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Figure 5-14 case 1 vapor fraction comparison 
As can be seen from Figure 5-14, in all scenarios ProsDS simulations the vaporization 
happens later than in the AHD simulations, this might be because the dynamic 
simulation in AHD starts from the bubble point of the mixture. However, in ProsDS the 
dynamic simulation starts from the operating temperature. In addition, the 
comparisons of the curves for AHD 1c and AHD 1b simulations indicates that with 
smaller integrator step size (0.1 s vs. 0.5 s in the considered case), the vaporization 
happens earlier and the duration is shorter than for 1b scenario, therefore the total 
vaporization happens faster.  
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Figure 5-15 case 1 mass flow comparison 
Figure 5-15 shows the comparison of the relieving flow within all the models. 
Moreover, there are significant differences in the amount of relief flows in scenario 1b 
calculated by ProsDS and AHD. Therefore, smaller orifice area is needed in accordance 
with AHD simulation. 
All AH steady state simulations were done from the operating temperature of the 
vessel. However, as soon as the dynamic simulation starts, the temperature increases 
to the bubble point of the mixture and the temperature raise continues from that point 
as shown on Figure 5-16. While in ProsDS the dynamic simulations start from the 
operation temperature, which increases from that point further. These starting points 
might indicate that ProsDS considers the user of the program has already enough 
knowledge about the components and mixture thermodynamic behavior to modify 
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input in accordance with the desired task output. While AH and AP will notify the user 
regarding the thermodynamic situation of the mixture. Therefore, in order to be able to 
enter the AH and AP dynamic mode, it is necessary that the user changes the input flow 
temperature to the bubble point of the fluid. 
 
 
Figure 5-16 case 1 vessel temperature comparison 
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Figure 5-17 case 1 heat flow comparison 
As can be seen from Figure 5-17, the general trend within all simulators is the decrease 
of the transferred fire heat duty while the liquid level in the vessel is decreasing. This is 
logical, because the transferred heat duty depends on the wetted area of the vessel, 
which decreases with the liquid level. However, within the scenarios Hysys 1b and 
ProsDS 1a a sudden increase happens in the end of the curves, which is not expected 
behavior as all the liquid is vaporized already. This might be either the numerical 
artifact of Hysys and ProsDS calculations or the change of the heat duty calculation 
procedure due to the new flow conditions within the simulators.  The ProsDS 1a heat 
duty start to decrease later than the AHD duty. This later decrease can be correlated to 
the delayed vaporization observed in the ProsDS simulations. The same trend occurs 
regarding ProsDS scenario 1b. However, the fluctuations during the decreasing of heat 
flow in AHD are more pronounced in comparison with the ProsDS.  
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Figure 5-18 case 1 orifice area comparison 
The maximum required opening area of orifice for scenario 1a on the Figure 5-18, is 
significantly smaller than the ProsDS one. When comparing the AHD scenario 1b and 1c 
the valves become fully opened sharply while in the ProsDS simulations the opening 
process happens smoothly and no chattering occur. The valve reaches the maximum 
required opening area faster in AHD than in ProsDS also more fluctuations can be seen 
in AHD graphs rather than ProsDS.  
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5.3 Case 2 
The objective of case 2 was to simulate dynamically safety valve SV-102 in the case of 
an external fire. The safety valve protects an absorber in the considered case. The 
safety valve is assumed to be directly attached to the absorber.  
5.3.1 ProsDS input 
The simulations are carried out with Neste Engineering Solutions’ dynamic simulator 
ProsDS 64-bit 7-2-1 using the simulator package TRMKIT. Table 5-4 represents the 
initial data for the simulation of the safety valve. The simulation was done base on two 
methods. Method 1 was mentioned in the section 2.4.2.2 and 2.4.2.3 and method 2 in 
the section 2.4.2.2 of the literature part of this study.  
Table 5-4 Initial data for SV-102 
Absorber Value Unit 
volume 22.8 m3 
surface exposed to fire 38.3 m2 
Operating pressure 4300 kPa(a) 
Operating temperature 25 ˚C 
Constant fire heat input 1410 kW 
SV-102   
Set pressure 5000 kPa(a) 
Maximum allowed pressure 5490 kPa(a) 
Back pressure at discharge line 
outlet 
140 kPa(a) 
Composition   
A 17 mol% 
D 83 mol% 
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5.3.2 Aspen Hysys input 
The flowsheet model for case 2 can be seen in Figure 5-19. Moreover, all the input data 
used are the same as the ProsDS input.  
 
 
Figure 5-19 schematic of AHD simulation for case 2 
The dynamic simulation was done based on the pressure-driven mode. The fire heat 
duty was calculated in a separate spreadsheet based on equation 3 in accordance with 
API 521 recommendations. The vessel in this case is vertical. Therefore, the wetted 
area was calculated by equation 13. In addition all the valves (VLV-100, VLV-101 and 
VLV-102) were closed before entering the dynamic mode. For safety valve SV-101 the 
Quick Opening model was chosen within valve parameter. The HEM method was 
chosen for the flow model of the simulation. 
In terms of the Depressuring Utility the CP/CV semi ideal method was chosen as flow 
model. The schematic of case 2 flow model can be seen in Figure 5-20. 
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Figure 5-20 schematic of case 2 simulation in Depressuring Utility 
5.3.3 Aspen Plus input   
The schematic of APD for case 2 simulation model can be seen in Figure 5-21. The input 
data were given the same as ProsDS for this simulation. Between two blocks mixer and 
pipe which can be used for the simulation of this case. A mixer was chosen instead of 
an absorber. This selection was based on the fact that there are no fire calculations for 
pipes within APD, unless a user programs a fire case as a new task in APD. The 
isentropic flash was chosen as a flash model. The fire heat duty calculation was based 
on equation 3 recommended in API 521. In terms of a flow model, the HEM (DIERS) was 
chosen on the configure tab of the safety valve. The valve V1 is assumed to be closed. A 
value opening area around zero 0.0001 mm2) was chosen start valve area for running 
the dynamic simulation, as explained in section 5.2.3.  
 
 
Figure 5-21 case 2 schematic of aspen plus simulation 
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5.3.4 Results of case 2 
As can be seen from the Table 5-5 the case 2 results of AHD and ProsDS in terms of the 
maximum required opening area and the inlet pressure are quite close to one another. 
However, the value regarding the mass flow has a significant difference.  
It should be noted that the results from the Depressuring Utility have a considerable 
difference in terms of opening area compare to AHD and ProsDS. Moreover, during the 
simulation, a notification regarding the supercritical fluid of relief flow was appeared in 
the simulation.  
The AHD result graph can be seen in Figure 5-22, which can be divided into three 
sections. Thermal expansion is occurring in the first part (0 – 90s) as can be seen from 
vapor fraction curve (yellow). After that, the vaporization section will start and all the 
liquid will be vaporized very fast as can be seen from the wetted area curve (pink) the 
liquid level goes to zero from (90 - 93s). Then, when all the liquid within the vessel 
vaporized, the pressure within the vessel increasing (green) until the maximum mass 
flow (blue) relieved from the valve. In addition, the notification regarding the 
supercritical fluid appeared during the simulation run, which means the relief flow is in 
supercritical phase. 
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 Table 5-5 case 2 simulation results at the maximum opening area 
 
Figure 5-22 shows that the vaporization starts after 18 s, as can be seen from vapor 
fraction graph (pink) and after that the pressure in the vessel (green) is approximately 
constant till the end of the simulation time.  In addition, there is a sharp up and down 
jump of the in vapor mass flow at the time that vaporization starts, which might be 
again due to the software numerical artifact.  
ProsDS ProsDS
method1 method2
Integrator time 
step
0.5 0.1 0.1 0.5 s
Inlet  
Temperature
98.55 121.8 128.9 69.23 ˚C
Inlet Pressure 5329 5360 5243.1 5019 kPa
Open area 266.12 418.4 254.5 40.08 mm
2
Orifice size G:324.5 H:506.45 G:324.5 198.6 mm2
Mass flow 1964.67 18842 16157 9365.8 kg/h
Time to reach to 
the largest 
required opening 
area
149 69 2924 900 s
Case 2 AHD
Depressuring 
Utility
Unit
Flow model HEM (DIERS)
Leung ω HEM               
(API520 7th)  
Leung ω HEM               
(API520 7th)  
CP/CV                                 
semi ideal
 69 
 
 
Figure 5-22 schematic of case 2 AHD, current orifice area (black), percentage open 
(gray), vessel pressure (green), mass flow (blue), vapor fraction (yellow), tank wetted 
area (pink)  
 
Figure 5-23 schematic of case 2 Depressuring Utility simulation results, vessel pressure 
(blue), liquid temperature (yellow), vapor mass flow (green), vapor mole fraction (pink) 
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Figure 5-24, Figure 5-25 and Figure 5-26 show the results regarding the simulation of 
case 2 with APD. The results were the same as the results of case 1 and the simulation 
failed due to the venting of liquid.  
 
 
Figure 5-24 schematic of case 2 fire result diagram for APD. Pressure in bars (blue), 
temperature in C (green) and fire duty in kW (magenta). 
 
Figure 5-25 schematic of case 2 safety valve operation diagram APD. Mass flow in kg/h 
(blue), Valve position in percent (green) and Outlet pressure in bar (magenta).  
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Figure 5-26 schematic of case 2 for APD Liquid level in m (blue). 
5.3.5 Comparison of the results for case2 
Figure 5-27 shows that AHD and ProsDS 1 (method 1) simulators keep the pressure 
under the maximum allowed pressure. In addition, both simulators seem to follow the 
same trend in term of pressure rise within the vessel. The pressure rise is occurring 
sharply as soon as initialization stage starts in ProsDS. However, it should be noticed 
that regarding ProsDS 2 (method 2) the vessel reaches its maximum pressure later than 
in accordance with AHD and ProsDS 1. This delay is possibly related to supercritical 
conditions of the relief flow. It is known from NES experience that ProsDS 2 has several 
limitations when used at supercritical conditions. 
As can be seen from the Figure 5-28, there is a significant difference regarding the relief 
flow between the two simulators as well as two simulation methods in ProsDS. The 
amount of relief flow is considerably higher in ProsDS compare to AHD. Therefore, the 
required orifice area is bigger in ProsDS than in AHD as can be seen on Figure 5-29. 
One can see from Figure 5-30 that ProsDS 1 simulation starts from the bubble point of 
mixture, whereas ProsDS 2 starts from the operating temperature of the mixture. 
Though in AHD steady state mode the operating temperature was given as an initial 
temperature for the simulation, in dynamic mode the simulation automatically starts 
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from the bubble point of the mixture and stays almost constant during the simulation 
configuration.  
 
Figure 5-27 case2 vessel pressure comparison 
 
Figure 5-28 case 2 relief flow comparison 
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Figure 5-29 case 2 required orifice area comparison 
 
Figure 5-30 case 2 temperature comparison 
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6 CONCLUSIONS 
All available within the simulators flow models and valve opening models were tested 
for each simulation case and scenario, but only the results that are close to the design 
criteria of the safety valve were selected. The different flow model is used in ProsDS in 
comparison with AHD, Depressuring Utility and APD. Therefore, it might not be directly 
compare the results of ProsDS simulations with other simulator results done with this 
study. However, it should be noted that all cases were simulated based on the design 
criteria of the related safety valve. Therefore, in case of comparison Table 6-1 
compares different simulators in terms of the most significant features, which affect 
the simulation results. 
Based on the performed simulation, we can state that APD was not capable to simulate 
dynamically the safety valves in the studied cases. Neither the author, nor Aspentech 
experts were able to perform some noticeable improvement to converge the dynamic 
simulations completely. Even though the experts checked the simulation setup and 
haven’t found any unrealistic or out of range settings for the simulation. However, the 
studied mixture was near the critical point in the reliving conditions, which can create 
the simulation convergence problem. Nevertheless, AHD was capable to simulate some 
considered scenario depending on the case and the selected flow model.  In ProsDS, 
the simulation of a safety valve for a supercritical fluid or near the critical point is 
possible using TRMKIT.   
The fire scenario simulation of a safety valve within AHD and APD requires a 
considerable amount of time for each simulation. This is because each kind of vessel 
requires defining the wetted area based on the geometry of the vessels. In addition the 
controller should be added to the model and tuned in order to run the model 
dynamically, while there is no need to add controllers in ProsDS simulation models. 
Moreover, in ProsDS it is not required to define the formula for each kind of vessel’s 
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geometry. In APD simulator, it is important to choose an appropriate block for the 
simulation model which is supported by the external fire scenario calculation. 
Otherwise the user should program the fire calculations “as new task” within the 
software. This requires a considerable amount of time as well as experts who have an 
appropriate background in programming, which the ProsDS users already have the 
programming knowledge.  
In general, it seems that ProsDS is a simulator which is easier to use compare to the 
Aspen products in terms of dynamic safety valve simulation for fire scenarios and 
especially for supercritical fluids or near critical point fluid. In addition, in order to set 
up an accurate simulation model in AHD or APD, more initial data has to be defined, 
which makes the model more laborious. As can be seen from Figure 5-14, Figure 5-17, 
Figure 5-27, Figure 5-28 there are fluctuations with the AHD results graphs while 
ProsDS shows smooth curves during dynamic simulation. Thus, the complexity of the 
dynamic simulation steps and other solver parameters in AHD and APD requires 
proficiency in the dynamic modeling. On the other hand, during AHD and APD 
simulations, the software notifies and warns the users if there is any inconsistency in 
the thermodynamic properties of the model. There is no such thermodynamic warning 
messages in ProsDS and the user should be aware of the possible unrealistic results 
that can be generated in case of disregarding some important characteristics of the 
system under simulation. Finally, it is important to avoid underestimating the 
importance of the flow model selection for any of the considered simulations. 
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Table 6-1 simulator comparison 
Simulators Aspen Hysys Aspen Plus ProsDS 
Flow model -HEM (DIERS) 
-CP/CV Semi Ideal   
-CP/CV Rigorous 
-Ideal HEM (DIERS) 
-Ideal HEM 
(Simpson) 
-Henry-Fauske 
Frozen flow 
equations 
-Schmidt-Westphal 
equations 
-Diener equations 
-Leung-Grolmes 
equations 
-Single phase 
compressible flow  
equations 
-Simple Equation 
-API 520 7th edition 
(Leung ω HEM) 
-HEM (DIERS)  
-HDI method  
-ISO/DIS 4126-10 
Valve opening 
model 
Quick  
Linear 
Equal percentage 
No valve opening 
model available. 
Not for safety 
valve but the same 
model as AH is 
available for a 
control valve  
Supercritical 
simulation 
Depends on the 
simulation model 
and scenario. 
Depends on the 
simulation model 
and scenario. 
Possible 
User interface Yes Yes No 
Solving method SM SM SM 
 77 
 
Simulators Aspen Hysys Aspen Plus ProsDS 
User friendly In order to 
calculate the fire 
duty in AHD, the 
user needs to 
make a spread 
sheet.  
There is a built in 
Depressuring 
utility 
subflowsheet 
which has limited 
applications in 
terms of flow 
modeling and 
variable 
clarification.  
The fire calculation 
is not available for 
all vessels; it is 
only available for 
the flash block, the 
mixer block and 
the reactor blocks. 
Therefore for the 
rest of the 
equipment, The 
user needs to 
program the fire 
scenarios 
calculations into 
APD. 
 TRMKIT can be 
used instead of 
any equipment 
and it does not 
require a user to 
program or make 
spread sheets for 
fire calculation. 
Time demand A user with basic 
knowledge of 
simulation 
requires a lot of 
time to simulate a 
precise model.  
A user with basic 
knowledge of 
simulation 
requires a lot of 
time to simulate a 
precise model. 
A user with basic 
knowledge of 
simulation 
requires a lot of 
time to simulate a 
precise model. 
Initial knowledge  dynamic 
simulation 
knowledge is 
required 
dynamic 
simulation 
knowledge is 
required 
dynamic 
simulation 
knowledge is 
required 
Thermodynamic Different Different Different 
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Simulators Aspen Hysys Aspen Plus ProsDS 
model thermodynamic 
model available 
thermodynamic 
model available 
thermodynamic 
model available 
Expandability The fire calculation 
is limited based on 
the simulated 
model. 
The fire calculation 
is limited based on 
the simulated 
model. 
The TRMKIT can be 
used in general for 
fire calculation  
Availability of 
different blocks 
It depends on the 
simulation model,  
but there are 
different blocks 
available in AH 
It depends on the 
simulation model,  
but there are 
different blocks 
available in AP 
The TRMKIT can be 
used in general for 
fire calculation 
Costs Commercial 
software - 
expensive 
Commercial 
software - 
expensive 
in-house software,  
it would be 
expensive for 
users who are not 
from NES  
Total orifice area should be given as 
an initial data 
should be given as 
an initial data 
No need for giving 
the total orifice as 
an initial data 
Required orifice 
area 
can be calculated can be calculated can be calculated 
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7 FUTURE WORK 
The simulation model in APD needs further investigation for cases that are not close to 
the critical point and with lower set pressures. In addition, the AP simulation can be 
done with other thermodynamic equations of state. In order to find out which 
simulator would give more precise results it is recommended to carry out the 
experimental work of the cases presented in this thesis and compare them to the 
simulation results. In addition it would be worthwhile to do CFD simulation in order to 
realize how the flow phase is changing within the safety valve. 
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